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(54) ENERGY BEAM PROCESSING METHOD 

(57)Abstract: 

PURPOSE: To perform fine processing on the order of dimensions of fine 
particles by dispersing the fine particles of a specified diameter on the surface 
of a material to be processed and applying an energy beam. 
CONSTITUTION: Fine particles 12 of cobalt, zinc, ferrite, etc., the diameter 
of which is selected from 0.1-lOnm, 10-lOOnm, 1000nm-10μm are 
dispersed on the surface of a specimen 1 1 of GaAs, Si, glass, etc., which is a 
material to be processed. The fine particles 12 are mixed with a surfactant into 
a solvent such as ethanol, and the specimen 1 1 is immersed in the solvent with 
stirring, or the solvent is dropped on the surface of the specimen 1 1 and dried 
to make the fine particles 12 adhere to the surface of the specimen 1 1 
uniformly. Next, the specimen 1 1 is irradiated vertically with a high speed 
atomic beam 13 which is an energy beam so that only places which are not 
covered by the fine particles 12 are processed by the beam 13, leaving 
rod-shaped structures 14 in places which are covered with the fine particles 12 
and shielded from the beam 13. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The energy beam processing method characterized by for the diameter which covers an energy beam on the surface of 
a workpiece distributing a particle (O.lnm, lOnm, lOnm, lOOnm, lOOnm, or 10 micrometers), irradiating an energy beam at the 
aforementioned workpiece, and processing the aforementioned workpiece front face except the covered part by the 
aforementioned particle. 

[Claim 2] The energy beam processing method according to claim 1 which carries out diameter reduction processing of the 
aforementioned particle gradually by irradiation of the aforementioned energy beam while processing this workpiece front face 
in the depth direction, and is characterized by processing the cylindrical structure of a taper into the covered part of this particle. 
[Claim 3] The claim 1 characterized by making ** - distribute the aforementioned particle mostly with a surface active agent in 
solvents, such as ethanol, making a solution, dropping this solution at a workpiece front face, or dipping a workpiece into this 
solution, distributing the aforementioned particle on a workpiece front face at ** and irradiating an energy beam at this 
workpiece, or the energy beam processing method of two given in any 1 term. 

[Claim 4] The claim 1 to which the aforementioned particle is characterized by being the ultrafine particle of a ferrite, cobalt, 
zinc, and a diamond, or 3 is not, but it is the energy beam processing method given in ** 1 term. 

[Claim 5] A magnetic field, electric field, or laser is made to act on the particle on the aforementioned front face of a workpiece, 
and the claim 1 characterized by carrying out the configuration control of this particle according to a processing pattern or 4 is 
not, but it is the energy beam processing method given in ** 1 term. 

[Claim 6] The claim 1 to which the aforementioned workpiece is characterized by being the semiconductor material of III- V 
group systems, such as GaAs, InAs, AlGaAs, and InGaAs, or the energy beam processing method of five given in any 1 term. 
[Claim 7] The claim 1 characterized by the aforementioned workpieces being Si content semiconductor materials, such as Si and 
Si02, or the energy beam processing method of five given in any 1 term. 

[Claim 8] the energy beam processing method which is the any 1 term publication of the claim 1 characterized by the processed 
workpiece generating the quantum effect, or the 7th term 

[Claim 9] The claim 1 characterized by introducing the gas particle which shows chemical reactivity to this workpiece into the 
workpiece which irradiated the energy beam and performed micro processing, controlling the chemical reactivity on this front 
face of a workpiece to it by the temperature control, and processing this workpiece front face into it isotropic, or the energy beam 
processing method of eight given in any 1 term. 

[Claim 10] The claim 1 to which the aforementioned energy beam is characterized by being the high-speed atomic line, an ion 
beam, an electron ray, laser, synchrotron orbital radiation, or an atom and a molecular beam, or the energy beam processing 
method of eight given in any 1 term. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention distributes a particle on a workpiece front face, irradiates an energy beam, and relates to 
the energy beam processing method for having been made to perform micro processing from the size order of a particle, or the 
size of a particle to minute size order. 
[0002] 

[Description of the Prior Art] The role with the important photolithography technology using the photoresist mask of a 
configuration aligned with the processing pattern of a substrate was come for substrate processing in a semiconductor process 
sure enough. In substrate processing by photolithography technology, etching processing is given to the portion which covers the 
portion which is not processed on a substrate with a photoresist mask, and is not covered with a photoresist mask, and the depth 
according to floor to floor time is processed. 

[0003] what shows the example of a process of the conventional micro-processing method a photoresist mask is used for drawing 
8 ~ it is - this drawing (A) - (E) --the 1- each 5th process is shown In the 1st process, the processing substrate 1 is first coated 
with the resist material 2. Next, in the 2nd process, a photo mask 3 is made to intervene, ultraviolet rays 4 are irradiated at the 
resist material 2 of processing substrate 1 front face, and pattern hole 3a formed in the photo mask 3 is imprinted to the resist 
material 2. Next, in the 3rd process, the resist material 2 of the portion in which ultraviolet rays 4 were irradiated by development 
through pattern hole 3a is removed, and it leaves only a required photoresist film. At the 4th continuing process, the ion and 
radical kind in plasma are used, anisotropic etching is given to a portion without the resist material 2 on the processing substrate 
1, and the resist material 2 is removed in the last process [ 5th ]. As mentioned above, micro processing which forms hole lc of 
the same shape as pattern hole 3a of a photo mask 3 in the front face of the processing board 1 through the 1st - the 5th process is 
performed, in addition - a general semiconductor device — above-mentioned the 1- forming two or more holes where the depth 
differs usually comes out on the processing substrate 1 by carrying out by repeating about the 5th line 
[0004] 

[Problem(s) to be Solved by the Invention] The micro-processing method using the above-mentioned conventional 
photolithography technology was not what must be ready for loss considerable also in cost also in time, and can be applied easily 
[ micro processing of a nano meter scale ] when special equipment and a special device are needed, in order the photo mask 3 
which has the complicated photoresist pattern of manufacture process is indispensable and to process this photoresist pattern into 
the line breadth or the path below lmum moreover. Moreover, the resist material 2 had limit that it could not be used, when an 
usable material will be restricted naturally and the resist material 2 became a contamination component, since exposing to 
ultraviolet radiation or an electron ray was an indispensable condition. Furthermore, since the surface degree of **** or surface 
granularity were not able to irradiate ultraviolet radiation to a crude sample about photoresist film production at ** -, it was 
uniform and accurate resist film attachment was difficult. 

[0005] Moreover, even though it processed pattern structure below lmum using the conventional plasma process, there were 
many particle numbers of the energy particle which carries out oblique incidence under the influence of the collision of a gas 
particle, the charge up of resist material, etc., for this reason, it was perpendicular, processing of a tall fine structure object, i.e., 
high processing of an aspect ratio (ratio of structure width of face to the processing depth), was difficult, and the width of face of 
the structure of most processings below lmum was unreasonableness. 

[0006] Therefore, by the purpose of this invention distributing a particle on a workpiece front face, and processing it by 
irradiating an energy beam Are in making micro processing of a nano meter scale possible, make a magnetic field, electric field, 
or laser act if needed, and the configuration control of the particle is carried out. After irradiating an energy beam furthermore, 
isotropic processing is given in a chemical reactivity gas particle or a solution, and it is more detailed and is in manufacturing the 
high structure of an aspect ratio. 
[0007] 

[Means for Solving the Problem] The diameter which covers an energy beam on the surface of a workpiece distributes a particle 
(0.1 nm, lOnm, lOnm, lOOnm, lOOnm, or 10 micrometers), and this invention irradiates an energy beam at the aforementioned 
workpiece, and attains the aforementioned purpose by offering the energy beam processing method characterized by processing 
the aforementioned workpiece front face except the covered part by the aforementioned particle. 

[0008] Moreover, the thing for which it carries out diameter reduction processing of the aforementioned particle gradually by 
irradiation of the aforementioned energy beam while this invention processes this workpiece front face in the depth direction, and 



1 of 5 



1/27/03 5:58 PM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



the cylindrical structure of a taper is processed into the covered part of this particle, Or make ** - distribute the aforementioned 
particle mostly with a surface active agent in solvents, such as ethanol, and a solution is made. The aforementioned purpose is 
attained by dropping this solution at a workpiece front face, or dipping a workpiece into this solution, distributing the 
aforementioned particle on a workpiece front face at ** and offering the energy beam processing method characterized by 
irradiating an energy beam at this workpiece etc. 

[0009] Furthermore, the thing which this invention makes a magnetic field, electric field, or laser act on the particle on the 
aforementioned front face of a workpiece, and is done for the configuration control of this particle according to a processing 
pattern, Or the gas particle which shows chemical reactivity to the workpiece which irradiated the energy beam and performed 
micro processing to this workpiece is introduced. The aforementioned purpose is attained by controlling the chemical reactivity 
on this front face of a workpiece by the temperature control, and offering the energy beam processing method characterized by 
processing this workpiece front face isotropic etc. 
[0010] 

[Function] According to this invention, with the conventional photolithography technology, micro processing with difficult 
realization becomes possible by processing the aforementioned workpiece front face except the distributing particle of nano 
meter scale mostly, irradiating energy beam at aforementioned workpiece, and according to aforementioned particle cover part 
which covers an energy beam on the surface of a workpiece. 
[0011] 

[Example] Hereafter, the example of this invention is explained with reference to drawing 1 or drawing 7 . Drawing 1 is process 
drawing showing one example of the energy beam processing method of this invention. 

[0012] As shown in drawing 1 (A), cobalt with a diameter of 5nm - about 1 micrometer, Zn (zinc), and the particle 12 of a ferrite 
are distributed on the front face of the samples 1 1, such as GaAs and Si which are a candidate for processing, and glass. A 
particle 12 can be made to adhere to the front face of a sample 1 1 uniformly by dipping a sample 1 1 into the solution which this 
distribution was made by adhesion, and mixed and agitated the particle 12 with the surface active agent in solvents, such as 
ethanol, and specifically became a uniform concentration part city, or making the front face of a sample 1 1 trickle and dry a 
solution. In this way, the particle 12 which covers an energy beam is uniformly distributed by the front face of a sample 1 1 with a 
probable precision. 

[0013] Next, a sample 1 1 is mostly irradiated at a perpendicular along the direction which showed the high-speed atomic line 13 
which is an energy beam to drawing 1 (A) by the arrow. In order that the part covered by the particle 12 at this time may cover 
the high-speed atomic line 13, only the part which is not covered by the particle 12 is processed by the high-speed atomic line 
13, and processing shown in drawing 1 (B) advances. 

[0014] However, in order that processing by the high-speed atomic line 13 may attain to not only the sample 1 1 but the particle 
12, diameter reduction processing of the particle 12 is strictly carried out gradually with advance of irradiation. However, 
configuration change of this particle 12 changes with reactivity with the gas used for the high-speed atomic line 13. Then, in 
order to realize processing of a high aspect ratio, to rare gas or a particle 12, reactivity is low, and the processing method which 
suppresses configuration change of a particle 12 as much as possible is adopted here using the high-speed atomic line 13 which 
serves as a sample from reactant high gas. Consequently, while it has been raw as a cylindrical perpendicular wall, it can leave 
only the part where the particle 12 adhered. In this way, for the cylindrical structure 14 left behind to the front face of a sample 
1 1, nothing and particle size are ** about the cylindrical fine structure which has a 5nm - 1 micrometer diameter of a cross 
section according to the size of a particle 12. - Equalization of a configuration is put into practice, so that a particle 12 is used. 
[0015] In addition, by introducing particles, such as a sample 11, reactant high gas, for example, chlorine gas, and fluorine gas, 
into the sample 1 1 which gave the above-mentioned energy beam processing, and heating a sample 1 1 by the heater or the heat 
lamp, as shown in drawing 1 (C), legal processing, such as not having directivity, can be given. By giving this ** legal 
processing, when reduction processing is carried out by the constant ratio and not only the remains particle 12 but the cylindrical 
structure 14 is compared with processing only by the high-speed atomic line 13, cylindrical structure 14a which has a more 
detailed cross-section configuration can be made. Moreover, since it is unnecessary, as for particle 12a which finally remained, it 
is good in many cases, for ultrapure water water jet washing etc. to remove from the crowning of cylindrical structure 14a. 
[0016] By the way, as a sample 1 1 used for the above-mentioned energy beam processing, all material, such as substrates, such 
as GaAs of a semiconductor material, and Si, Si02, or the glass of an insulator and a ceramic, and also a metallic material, can 
be used. Moreover, as for a particle 12, it is good to use ultrafine particles, such as a ferrite, zinc, cobalt, and a diamond, when an 
ultrafine particle 0.1 micrometers or less is required, and when the particle size of 0.1-10 micrometers is required, it is good [ a 
particle ] to use the particles 12, such as an alumina, graphite, a golden particle, and a silver particle. Furthermore, when 
choosing these particles 12 in respect of the quality of the material, it is good to use the thing of the suitable quality of the 
material in consideration of reactivity with a reactant gas particle, a spatter property, etc. 

[0017] In addition, in the above-mentioned example, the energy beam processing method of a particle which showed the 
processing process in drawing 2 (A) - (E) as an example as for rare gas reactivity is high, and this differs from a substrate a little 
although reactivity suppressed the reactivity of an energy beam and a particle 12, using the high-speed atomic line 13 of low gas 
as an energy beam is also significant. This processing method expects configuration change of the particle by the energy beam 
itself to some extent, and it uses for the high-speed atomic line 23 of chlorine gas a diamond ultrafine particle with a particle size 
of lnm - 50nm which shows reactivity as a particle 22 here while the high-speed atomic line of chlorine gas is further used for it 
as the high-speed atomic line 23, using the semiconductor material of III- V group systems, such as GaAs, AlGaAs, and InAs, as 
a sample 21. -\ 
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[0018] First, as shown in drawing 2 (A), the diamond ultrafine particle 22 is distributed on the front face of a sample 21, and the 
high-speed atomic line 23 of chlorine gas is irradiated in the direction of an arrow. Although processing of sample 21 front face 
advances by this as shown in drawing 2 (B) and (C), the diamond particle 22 is also gradually processed with a working speed 
later simultaneous again than it. In order to also reduce the cover area of the diamond particle 22 to the high-speed atomic line 
23 in connection with the diameter of the particle size of the diamond particle 22 being reduced, the sample 21 of the portion 
covered by the diamond particle 22 is processed into the cylindrical structure 24 of a taper as shown in drawing 2 (D). In the 
example, since it is made to continue beam irradiation until the diamond particle 22 disappears, as finally shown in drawing 2 
(E), the cylindrical structure 24 of a taper with which the steeple, i.e., a nose of cam, sharpened is realized. Incidentally, the 
cylindrical structure 24 actually manufactured by this processing method was what it equips with aspect ratio with as sufficient 
height as about 250nm with lOnm although the path at a nose of cam is detailed. 

[0019] In addition, since it is further radicalized in the nose of cam of the cylindrical structure 24 after energy beam processing, 
it is also possible by introducing only chlorine gas after beam irradiation and heating a sample 21 with a heater or the lamp for 
heating like the aforementioned example, to give isotropic processing. In this case, the cylindrical structure 24 is further 
processed into the 0.1 run - 5nm diameter of a nose of cam of a taper. Moreover, it is effective, especially when chemical reaction 
surface treatment by heating is performed, an effect is in surface smoothing or removal of a damage layer and the quantum effect 
element is manufactured in this way, after irradiating the high-speed atomic line. Shift a property which is different from the bulk 
property which a microstructure has with the quantum effect, for example, the wavelength of light, to a short wavelength side, or 
When bulk shows a shift and ****** to a different short wavelength side or the light which points out the effect which shows the 
property of changing level of electronic energy, for example, is emitted from the cylindrical structure, and a laser beam make the 
cylindrical structure pass a laser beam It is possible to amplify the intensity of a laser beam in a laser beam shifting to a short 
wavelength side according to the quantum effect. 

[0020] Drawing 3 and the workpieces 30 and 40 shown in 4 show the example of processing at the time of arranging a particle 
regularly at a 2-dimensional flat surface, and performing energy beam processing. That is, the workpiece 30 shown in drawing 3 
arranges a colonnade 34 according to a predeterrnined arrangement pattern (matrix arrangement pattern) as the cylindrical 
structure on the front face of a sample 31, and the workpiece 40 shown in drawing 4 arranges a cone 44 by the predeterrnined 
matrix arrangement pattern as the cylindrical structure on the front face of a sample 41. It can be said that the method of 
processing it in this case is the point of using an operation of laser, electric field, or a magnetic field for the configuration control 
of a particle 32, and forcing a regular distribution array into the cylindrical structure (a colonnade 34 and cone 44) from a 
probable distribution array, and is the more advanced processing method although the above-mentioned beam irradiation is 
followed fundamentally. In order that laser may make particle 32 irradiated the very thing ionize, or may make the circumference 
of a particle 32 ionize and may form plasma, the particle 32 which has irradiated laser will be in the state where ionized and it 
had a charge. For this reason, the particle 32 which can catch a particle (trap), can be moved to a desired position by applying 
electric field to the condensing part of laser, and adheres to the samples 31 and 41 which are workpieces is arranged like 
expected. 

[0021] Moreover, when using the operation effect of electric field instead of laser, electric field are applied to the electrode for 
traps, a particle 32 can be made to be able to polarize, it can be made to be able to move to the position of a request of the 
particle 32 by which the trap was carried out, and a regular array can be attained. Furthermore, when using the operation effect of 
a magnetic field, the particle 32 which consists of the magnetic substance, such as a ferrite, can be distributed in a solution, a 
magnetic field can be applied with an electromagnet, a permanent magnet, etc. from the exterior, and a particle 32 can be made 
to arrange regularly in accordance with magnetic flux. In addition, when positioning a particle 32 per nano, it is possible to 
attach an electrode and a magnetic pole in a piezo-electric element, to expand or shrink a piezo-electric element per nano by 
carrying out adjustable [ of the voltage impressed to a piezo-electric element ], to control the variation rate of the electrode 
accompanying it or a magnetic pole, and to position a particle 32 with a sufficient precision. 

[0022] The workpiece 50 shown in drawing 5 shows the example of processing at the time of carrying out energy beam 
processing by the arrangement pattern which arranged two or more columnar structure objects 54 in the single tier, respectively 
on the 2 sides 51a and 51b in which a sample 51 crosss diagonally mutually. The diameter of a cross section of each columnar 
structure object 54 is lnm - 20nm, and the height is lOnm - 500nm. The optical-axis line which puts each train of the columnar 
structure 54 of these 2 train in a row crosses at Point P, and carries out the amplifier of the quantum effect in response to the 
laser from the device 55 which carries out outgoing radiation of the laser, respectively. Or a resonator mirror is prepared in the 
both sides of the cylindrical structure, and outgoing radiation of the laser beam accompanied by the quantum effect by which 
outgoing radiation is carried out from there is carried out. In this case, in order for the columnar structure object 55 of two trains 
to carry out the short wavelength shift of the laser or to carry out a high intensity oscillation, the optical place of high intensity is 
formed in the point P which the laser of two trains concentrates. In addition, the technology which forms the optical place of high 
intensity using the detailed columnar-structure object 54 of such plurality irradiates the atom on the front face of the matter, and 
can make laser it to be not only applicable to trap operation of the particle by the above-mentioned laser, but able to emit light, 
can fly an atom, can make it able to ionize it, or it can apply to the surface atom photoreaction, such as cutting off the chain 
between atoms, etc., and paves the path for a broad applied technology. 

[0023] The workpiece 60 shown in drawing 6 is formed in Si substrate which steps on the process of Si which overly showed the 
detailed cone structure 64 to the 2nd example of the above, and constitutes a sample 61. In this example, the high-speed atomic 
line using the gas particle of fluorine systems, such as SF6, as an energy beam is used in consideration of using Si substrate as a 
sample 61. It carries out from supplying the fluorine radical which made the plasma of a fluorine system gas particle and was 
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made there in large quantities to the sample front face after high-speed atomic-line irradiation also about isotropic processing, 
thus, AFM (atomic force microscope) for the cone structure 64 of made Si observing the surface state of the matter -- or it can 
use as a needle at the nose of cam of a cantilever of STM (tunneling microscope) The needle at the nose of cam of a cantilever is 
used for the probe of the irregularity of the front face for observation, and can observe the shape of surface type from the vertical 
movement of a needle which imitated surface irregularity. Moreover, since the cone structure 64 is acute structure, electric-field 
concentration is easy for it, and it can be used also as an electron source for field emission which outputs an electron ray from a 
needle for this reason. The application to the electron beam exposure system which surrounds with an insulator the needlelike 
micro emitter manufactured as the cone structure with detailed field emission, is controlling the potential of the beam drawer 
electrode prepared in insulator opening, is made to emit an electron ray from the nose of cam of a micro emitter, and is used for 
electron beam nano lithography technology etc. is possible. 

[0024] Drawing 7 shows the example of manufacture of the hyperfme-structure element 70 which gave 3 -dimensional multiple 
processing which applied the energy beam processing method of this invention. Upper surface 71a of the sample 71 of a cube 
configuration, the cone structure 74 which has the fine structure processed into side 71b by the above-mentioned processing 
method, respectively, and the pillar structure 75 exist, and a different quantum effect that each is a grade is demonstrated. If 
optical amplification of the laser L2 is carried out between mirror 75a and outgoing radiation mirror 75b which carried out 
optical amplification of the laser LI between mirror 74a and outgoing radiation mirror 74b which carried out opposite 
arrangement on both sides of the cone structure 74, and carried out opposite arrangement on both sides of the pillar structure 75 
on the other hand, both the laser LI and L2 will be oscillated on different wavelength according to the difference in the quantum 
effect based on the configuration of the cone structure 74 and the pillar structure 75. 

[0025] Both are led to transverse-plane 71c of a sample 71, respectively, after the laser LI by which an oscillation output is 
carried out through outgoing radiation mirror 74b, and the laser L2 by which an oscillation output is carried out through outgoing 
radiation mirror 75b are crooked right-angled in an optical path with reflecting mirrors 76 and 77, although wavelength differed. 
The laser led to transverse-plane 71c of a sample 71 is chosen or compounded by the rotation mirror 78, and is detected by the 
appropriate after light sensitive cell 79. The front rear face consists of optical mirrors which have wavelength-selection nature, 
respectively, according to the rotation phase of the rotation mirror 78, both can penetrate a rotating mirror 78 and, as for laser LI 
and L2, only one side can realize the wavelength-selection element which can perform selection and mixing of two kinds of 
wavelength by this so that selection and composition of two kinds of wavelength can do the rotation mirror 78. 
[0026] Moreover, in order to use the hyperfine-structure element 70 as a source of data generation for for example, information 
communication, when two data streams from which wavelength differs are transmitted through the same bus line or a separate 
bus line, it will end with one half of transmission times compared with the case where the 16-bit amount of data is transmitted 
using single wavelength. This is based on a bird clapper as it is possible to transmit simultaneously the pulse data with which 
wavelength differs using bus lines, such as the same optical fiber. In this case, the light sensitive cell 79 builds in the 
wavelength-selection element which induces wavelength lambda 1 and lambda2, from each wavelength-selection element, 
received data are outputted through the eight data lines connected to the preamplifier and the parallel signal generation machine, 
respectively, and 8-bit data are transmitted towards a memory device or a related equipment, respectively. That is, since the data 
for two waves can be processed at once, the 2x8=16 bit amount of data becomes possible in one half of time. If a wavelength 
kind is increased similarly, the increase in the amount of data of an integral multiple bit will become possible in same time. In 
this case, since the data from which wavelength differs by the hyperfine-structure element 70 are transmitted simultaneously, at 
once, a lot of communication of information is possible, and this can realize as a communication-of-information element of high 
capacity very much. 

[0027] In addition, it can replace with the rotation mirror 78 and a polarizing element controllable on a one-way mirror or an 
electric target etc. can also be used. Moreover, a light sensitive cell 79 can also be constituted using two independent photo 
detectors corresponding to each wavelength lambda 1 and lambda2, and although it produces the need of arranging the phase of 
transmission data in that case, it becomes unnecessary [ the mirror which distributes outgoing radiation light ]. Furthermore, two 
or more data streams from which wavelength differs can be simultaneously transmitted by forming the two or more cylindrical 
structures in the hyperfine-structure element 70. 

[0028] In addition, as an energy beam applicable to the energy beam processing method of the above-mentioned this invention, 
although the high-speed atomic line, an ion beam, an electron ray, laser, synchrotron orbital radiation, an atom, a molecular 
beam, etc. are mentioned, each feature is as follows. The high-speed atomic line which is a high-speed, neutral energy 
corpuscular ray can be applied to all material, such as a metal, and a semiconductor or an insulator, and the ion beam is very 
effective to a metallic material. Only the place where the electron ray was irradiated can make a chemical reaction produce 
electron ray ] by introducing the gas which has reactivity to a sample simultaneously with irradiation. Moreover, synchrotron 
orbital radiation enables colorful processing by irradiating and processing only direct synchrotron orbital radiation into a sample 
front face, or processing it using an interaction with a reactant gas particle. Moreover, an atom and a molecule beam enable beam 
processing of low energy by irradiating the atom and molecule beam of a reactant gas particle. For this reason, it is good to use 
various energy beams according to the processing purpose. 
[0029] 

[Effect of the Invention] As explained above, according to this invention, the diameter which covers an energy beam on the 
surface of a workpiece distributes a particle (0.1 nm, lOnm, lOnm, lOOnm, lOOnm, or 10 micrometers). The shell which irradiates 
an energy beam at the aforementioned workpiece and processed the aforementioned workpiece front face except the covered part 
by the aforementioned particle, Micro processing in the size order of a particle or size order minuter than a particle is possible. A 
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sake therefore, manufacture of the difficult overly detailed processing structure is possible, and a particle is made to adhere on 
the surface of a workpiece with the conventional photolithography technology ~ being sufficient - Since it can arrange easily not 
related to the granularity and flatness on the front face of a workpiece, therefore ultraviolet radiation cannot irradiate ** - to a 
sample with crude surface flatness or surface granularity, by ** -, accurate resist film attachment is difficult, or Or it differs from 
the conventional photolithography technology applied only to the whole surface with sufficient flatness even if it made it the 
processing side. With combination with anisotropy processing by energy beam processing which an ultrafine particle is 
distributed for the part and many sides of a sample, and the micro-rrachining of the three-dimensional structure is possible for, 
and was excellent in especially directivity overly in a detailed field By being able to raise a process tolerance, and making laser, 
a magnetic field or electric field, etc. act, arranging a particle regularly and processing it The effect which was [ offer / the 
industrial very / scientifically or / meaningful processing method / becoming realizable / the micro quantum effect element or a 
micro memory device, or a light-corpuscle child / etc. ] excellent is done so. 

[0030] Moreover, by irradiation of an energy beam, while this invention processes a workpiece front face in the depth direction, 
it carries out diameter reduction processing of the aforementioned particle gradually. To the shell which processed the cylindrical 
structure of a taper into the covered part of this particle, and the reactant gas particle used, for example as an energy beam, 
reactivity is low and a sputtering yield by using a low particle Because reactivity uses a high particle also with a high sputtering 
yield to the reactant gas particle which suppresses configuration change of the particle under processing, processes a workpiece 
into the cylindrical structure with the wall near a perpendicular wall, or uses it as an energy beam Configuration change of the 
particle can be greatly carried out during processing, a workpiece can be processed into the cylindrical structure of tapers, such 
as the shape of a cone, and a pyramid configuration, and the effect that the configuration of the structure which carries out 
remains formation on the surface of a workpiece is processible into the configuration of an optional request etc. is done so. 
[0031] this invention to the workpiece which irradiated the energy beam and performed micro processing further again Introduce 
the gas particle which shows chemical reactivity to this workpiece, and the chemical reactivity on this front face of a workpiece 
is controlled by the temperature control. In the shell which processed this workpiece front face isotropic, and the sample which 
gave energy beam processing By introducing particles, such as a sample, reactant high gas, for example, chlorine gas, and 
fluorine gas, and heating a sample by the heater or the heat lamp By being able to give legal processing, such as not having 
directivity, and giving this ** legal processing When reduction processing is carried out by the constant ratio and not only a 
remains particle but the cylindrical structure is compared with processing only by the high-speed atomic line, the effect of being 
able to make the cylindrical structure which has a still more detailed cross-section configuration is done so. 
[0032] Furthermore, as an energy beam, since the high-speed atomic line, an ion beam, an electron ray, laser, synchrotron orbital 
radiation, or an atom and a molecular beam was used for this invention When the atomic line which is an energy corpuscular ray 
of high-speed neutrality as an energy beam is used Are applicable to all material, such as a metal, and a semiconductor or an 
insulator, as an energy beam for example, when an ion beam is used When it is very effective and an electron ray is further used 
as an energy beam to a metallic material By introducing the gas which has reactivity to a sample simultaneously with electron 
beam irradiation When only the place where the electron ray was irradiated can make a chemical reaction produce and 
synchrotron orbital radiation is used as an energy beam By irradiating and processing only direct synchrotron orbital radiation 
into a sample front face, or processing it using an interaction with a reactant gas particle colorful processing is possible, and 
when an atom and a molecule beam are used as an energy beam, the atom and molecule beam of a reactant gas particle are 
irradiated, and beam processing of low energy is possible ~ etc. ~ effect is taken 
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[Procedure revision] 

[Filing Date] November 5, Heisei 9. ~ 

[Procedure amendment 1] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] Claim. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The energy beam processing method characterized by for the diameter which covers an energy beam on the surface of 
a workpiece distributing a particle (0.1 nm, lOnm, lOnm, lOOnm, lOOnm, or 10 micrometers), irradiating an energy beam at the 
aforementioned workpiece, and processing the aforementioned workpiece front face except the covered part by the 
aforementioned particle. 

[Claim 2] The energy beam processing method according to claim 1 which carries out diameter reduction processing of the 
aforementioned particle gradually by irradiation of the aforementioned energy beam while processing this workpiece front face 
in the depth direction, and is characterized by processing the cylindrical structure of a taper into the covered part of this particle. 
[Claim 3] The claim 1 characterized by making homogeneity distribute the aforementioned particle mostly with a surface active 
agent in solvents, such as ethanol, making a solution, dropping this solution at a workpiece front face, or dipping a workpiece 
into this solution, distributing the aforementioned particle uniformly on a workpiece front face, and irradiating an energy beam at 
this workpiece, or the energy beam processing method of two given in any 1 term. 

[Claim 4] The claim 1 characterized by making a magnetic field, electric field, or laser act on the particle on the aforementioned 
front face of a workpiece, and carrying out the configuration control of this particle according to a processing pattern, or the 
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energy beam processing method of three given in any 1 term. 

[Claim 5] The claim 1 characterized by introducing the gas particle which shows chemical reactivity to this workpiece into the 
workpiece which irradiated the energy beam and performed micro processing, controlling the chemical reactivity on this front 
face of a workpiece to it by the temperature control, and processing this workpiece front face into it isotropic, or the energy beam 
processing method of four given in any 1 term. 

[Claim 6] The claim 1 to which the aforementioned energy beam is characterized by being the high-speed atomic line, an ion 
beam, an electron ray, laser, synchrotron orbital radiation, or an atom and a molecular beam, or the energy beam processing 
method of four given in any 1 term. 
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